Abstract-The ontology alignment consists in generating a set of correspondences between entities. These entities can be concepts, properties or instances. The ontology alignment is an important task because it allows the joint consideration of resources described by different ontologies. This paper aims at counting all works of the ontology alignment field and analyzing the approaches according to different techniques (terminological, structural, extensional and semantic). This can clear the way and help researchers to choose the appropriate solution to their issue. They can see the insufficiency, so that they can propose new approaches for stronger alignment. They can also adapt or reuse alignment techniques for specific research issues, such as semantic annotation, maintenance of links between entities, etc.
I. INTRODUCTION
The rapid development of Internet technology generated a growing interest in research on the sharing and integrating dispersed resources in a distributed environment. The Semantic Web offers the possibility for software agents to understand resources semantically linked in a decentralized architecture. Ontologies have been recognized as an essential component for sharing knowledge and realizing this vision. By defining concepts associated with particular areas, ontologies allow both to describe the content of the resources to be integrated, and to clarify the vocabulary used in queries of users. However, it is unlikely that a global ontology covering all distributed systems can be developed. In practice, ontologies of different systems have been developed independently of each other by different communities. Thus, if knowledge and data have to be shared, it is essential to establish semantic correspondences between the concerned ontologies. The ontology alignment task is important because it allows the joint consideration of resources described by different ontologies.
The Ontology Alignment is a complex task based on similarity measures. Many studies have been performed, but most of time only one measure is revealing insufficient to detect a similarity. Different approaches combining several measures sequentially were proposed: this combination is performed a priori, and it is not modified. The approaches should be more promising.
Our objective is to study, analyze and examine deferent alignment techniques and approaches that employ these techniques.
The rest of the paper is organized as follows: Section 2 describes techniques and methods used in the literature to address the research issue of similarity and dissimilarity, or correspondence between two entities in general. The deferent approaches that employ these techniques will be presented in Section 3. Section 4 presents statistics describing the rate of use of alignment techniques (terminological, structural, semantic and extensional) by different approaches. Finally, we conclude our work and mention some perspectives.
II. ALIGNMENT TECHNIQUES
The Ontology Alignment is performed according to a strategy or a combination of techniques for calculating similarity measures, and it uses a set of parameters (e.g., weighting parameters, thresholds, etc.) and a set of external resources (e.g., thesaurus, dictionary, etc.). At the end, we obtain a set of semantic links between the entities that compose the ontologies. There are several methods for calculating similarity between entities of several ontologies. Classifications of Alignment techniques are given in [94] , [95] and [96] .
A. Terminological methods
These methods are based on the comparison of terms,
B. Structural methods
These methods calculate the similarity between two entities by exploiting structural information, when the concerned entities are connected to the others by semantic or syntactic links, forming a hierarchy or a graph of entities.
We call:
 Internal structural methods, methods that only exploit information about entity attributes,  External structural methods, methods that consider relations between entities.
C. Extensional methods
These methods infer the similarity between two entities, especially concepts or classes, by analyzing their extensions, i.e. their instances.
D. Semantic methods
Techniques based on the external ontologies: When two ontologies have to be aligned, it is preferable that the comparisons are done according to a common knowledge. Thus, these techniques use an intermediate formal ontology to meet that need. This ontology will define a common context [35] for the two ontologies to be aligned.
Deductive techniques: Semantic methods are based on logical models, such as propositional satisfiability (SAT), SAT modal or description logics. They are also based on deduction methods to deduce the similarity between two entities. Techniques of description logics, such as the subsumption test, can be used to verify the semantic relations between entities, such as equivalence (similarity is equal to 1), the subsumption (similarity is between 0 and 1) or the exclusion (similarity is equal to 0), and therefore used to deduce the similarity between the entities.
These alignment techniques are integrated into approaches for mapping ontologies. We find approaches that combine multiple alignment techniques. Much work has been developed in the area of Ontology and focus on the alignment techniques.
III. ALIGNMENT APPROACHES
The literature counts a wide range of methods [31] . These are from various communities, such as information retrieval, databases, learning, knowledge engineering, automatic natural language processing, etc.
In [19] the authors consider a context where experts can use their own ontologies, called personal ontologies. Ontology is then represented by a support in the conceptual graph formalism. This support comprises a grid concept types, a hierarchy of relations types and a set of markers for the identification of instances.
The objective is to build a common knowledge model (common ontology) from different knowledge models of experts (personal ontology). This is realized, in a system called MULTIKAT, by comparing personal ontologies using techniques based on operations of the conceptual graph formalism or the structure of graphs.
Anchor-PROMPT [68] constructed a labeled oriented graph representing the ontology from the hierarchy of concepts (called classes in the algorithm) and the hierarchy of relations (called slots in the algorithm), where nodes in the graph are concepts and the arcs denote relations between concepts (labels of arcs are the names of relations). An initial list of anchor pairs (pairs of similar concepts) defined by the user or automatically identified by the lexicological mapping serves as input to the algorithm. Anchor-PROMPT then analysis paths in the sub-graphs limited by anchors, and determines which concepts appear frequently in similar positions on the similar paths.
GLUE [21] is the advanced version of LSD [20] which aims to find semi-automatic mappings between schemas for data integration. Like LSD, GLUE uses the learning technique (such as the naive Bayes learning technique) to find matches between two ontologies. GLUE includes several learning modules (Learners), which are entrained by instances of ontologies.
S-Match [34] is an algorithm and a system for semantically searching for correspondences based on the idea of using the engine of propositional satisfiability (SAT) [35] for the mapping schema issue. It takes as input two graphs of concepts (schemas), and generates as outputs relations between concepts, such as equivalence, overlapping, difference (mismatch), more general or more specific. The principal idea of this approach is to use logic to encode the concept of a node in the graph and applying SAT for reports.
COMA [22] is a system to match schemas (of databases, XML or ontologies) automatically or manually.
The system provides a library of basic mapping algorithms (called matchers) and some mechanisms for combining results of the basic algorithms to get a final similarity value of two elements in two schemas.
OLA [30] is an algorithm to align ontologies represented in OWL. He tries to calculate the similarity of two entities in two ontologies based on their characteristics (their types: class, relations or instance; their reports with other entities: subclass, domain, codomain ...) and combine the similarity values calculated for each pair of entities homogeneously.
It is further noted that:
 The approaches, coma and COMA ++, S-Match, manage many types of ontologies. Table. 1. summarizes the schema and ontology alignment approaches. In fact, many approaches use the same techniques based on strings. We note also that some approaches use WordNet as an external resource.
In turn, the semantic measures are used only in some approaches, for example, CtxMatch, S-Match and LogMap.
The Input column represents the inputs of the systems. The Needs column represents the resources to be available to star the system. This covers the manual aspect, referenced by "USER" in the table, when the user's back is required; "SEMI" when the system can take advantage of the user feedback; but can be "AUTOMATIC" when the system operates without the user intervention. The "INSTANCES" value indicates that the system requires data instances.
The columns, Terminological Measures, Structural Measures, Extensional Measures and Semantic Measures, specify the alignment techniques adopted by the approach in question. 
IV. STATISTICS
The approaches we have previously cited, their main difference reside in the strategy used to discover the similarity between two entities. In most cases, are used terminological and/or structural and/or extensional similarity measures. Semantic measures are operated in some approaches, for example, CtxMatch, S-Match and LogMap.
A combination strategy allows to find the final similarity. This, generally, represents an equivalence or subsumption relationship between two entities from two different ontologies. The use of multiple similarity measures gives often better results. On the other side, these tools do not always specify which matchers were used or how the similarities were aggregated. Moreover, it should be noted that frameworks are more suitable for reuse as well as the combination of existing similarity measures according to preset criteria. These systems also differ in functioning and interaction offered to their users.
The intervention of a domain expert in the ontology alignment process is often necessary to avoid inconsistencies. By more interactive tools, such as PROMPT or FOAM, suggesting alignment results to the user often gives better results. On the other side, they do not allow reusing the alignment results to deduce other correspondence relations. From Fig. 2 , it is clear that the terminological method intervenes in a large number of approaches. The structural method also marks its importance among other techniques. This can be explained by the fact that the methods based on terms or structure are often manageable and easy to be implemented. Unlike semantic methods which require the availability of semantic sources, difficult to be constructed. They also require complex reasoning engines to infer semantic relations. 
